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ABSTRACT 
In the field of fuzzy control theory, fuzzy logic controllers is one of the most active 
research areas and are particularly useful in controlling various types of physical 
processes. Therefore, this project also involved in usage of the fuzzy logic controller. 
Main objective of this project is to develop online position control of DC motor 
using Incremental Fuzzy Logic Controller (IFLC). The IFLC were developed by 
using MATLAB Simulink and implemented in the real position control system 
hardware. RAPCON platform is a hardware that was implemented in real-time 
session with DC motor. For simulation, signal generator used as the reference input 
in the form of square wave. The best gains used for the IFLC in simulation are: gain 
of error (GE) is 2.721, gain of change error (GCE) is 0.019 and gain of output (GCU) 
is 0.259. While real-time simulation use the most gains such as gain error (GE) of 
1.785, gain of change error (GCE) is 0.0056955 and gain of output (GCU) is 0.01. 
Both method either simulation or real-time generate in 20 seconds. The result was 
obtained in form of graph and their performance was analysed. Based on the result, 
the IFLC shows the better performance of the overshoot percentage (%OS) of 0%.  
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ABSTRAK 
Dalam bidang teori kawalan kabur, pengawal logik kabur merupakan satu bidang 
penyelidikan yang sangat aktif dan berguna dalam mengawal beberapa jenis proses 
fizikal. Oleh itu, projek ini juga termasuk dalam penggunaan pengawal logik kabur. 
Tujuan utama projek ini adalah untuk membina kawalan kedudukan secara talian 
bagi motor AT (arus terus) dengan menggunakan pengawal logik kabur tambahan 
(PLKT). PLKT telah dibangunkan dengan menggunakan MATLAB Simulink dan 
dilaksanakan dalam perkakasan sistem kawalan kedudukan sebenar. RAPCON 
platfom merupakan perkakasan yang digunakan dalam sesi masa-sebenar bersama 
motor AT. Bagi simulasi, penjana isyarat digunakan sebagai masukan rujukan dalam 
bentuk gelombang persegi. Gandaan yang digunakan bagi PLKT dalam simulasi 
adalah: ralat gandaan (GE) adalah 2.721, perubahan ralat gandaan (GCE) adalah 
0.019 dan gandaan keluaran (GCU) adalah 0.259. Sementara simulasi masa-sebenar 
banyak menggunakan gandaan seperti ralat gandaan (GE) adalah 1.785, perubahan 
ralat gandaan (GCE) adalah 0.0056955 dan gandaan keluaran (GCU) adalah 0.01. 
Setelah simulasi dan scenario masa-sebenar telah berjaya, keputusan yang yang 
diperolehi adalah dalam bentuk graf dan prestasinya dianalisis. Berdasarkan kepada 
keputusan yang diperolehi, PLKT menunjukkan perlaksanaannya yang amat baik 
dengan peratus lajakan lampau maksimum (%OS) adalah 0%. 
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CHAPTER 1 
INTRODUCTION  
1.1 Introduction 
 
DC motor has been widely used to improve the quality of human work, either 
globally or individually such as in home appliances, industrial applications, robot 
manipulators etc. The DC motors are choosing because it has high reliabilities, 
flexibilities and low costs. Most of the applications of DC motor drivers are need a 
position control and speed. 
There are many methods used as DC motor drivers such as PID, NN, Fuzzy 
Logic etc. Some applications may require using only one or two actions to provide 
the appropriate system control. 
“Proportional-Integral-Derivative (PID) controllers are commonly used for 
motor control applications because of their simple structures and intuitionally 
comprehensible control algorithms” (Manafeddin Namazov and Onur Basturk, 
2010). “The PID controller has been implemented in position control system, but still 
suffers from poor performance because of non-linear parameters. The PID does not 
give satisfactory results when control parameters, loading conditions and the motor 
itself are changed” (Mohammad Syah Rizal, 2013).  
Neural Network (NN) controllers are another method used for motor control 
applications. In the NN, there is abundant of architecture can be used to perform a 
variety types of functions. There are kind of neural network with high efficiency and 
strong function generalizing in terms of learning speed and simplicity of the 
structure. The NN need increasing the number input neural network and put some 
delay to the input neural network to improve performance of the network 
(Mohammad Syah Rizal, 2013). In this project, the fuzzy logic controller (FLC) as 
an intelligent controller will apply. The FLC can be designed without the exact 
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model of the system. Fuzzy logic is based on the principle of human expert decision 
making in problem solving mechanism (Dirman et. all, 2011). 
 By using the FLC, the position control performance will improve. This FLC 
develop will use Mamdani method. Mamdani method is widely accepted for 
capturing expert knowledge. Computer simulation is guided to illustrate the 
performance and show the result. 
 
1.2  Problem Statements 
 
Normally, the DC motor controller has a problem to achieve the desire position 
control. This problem among other is affected by the existing the nonlinearities 
component in the system. Moreover, these nonlinearities are often unknown and 
decrease the performance of position control. PID controller has been used because it 
most simple and easy to implement, but this type of controller still not able to 
improve the position control system performance because of the nonlinearities and 
uncertainties issues. The PID controller is not able to work well for non-linear 
system, and particularly complex and vague system that has no precise mathematical 
models. Some researchers used NN controller to improve the performance of 
position control, but it’s still not have a good performance. To overcome these 
problems, the Incremental Fuzzy Control System (IFLC) is developed in this project 
to ensure the DC motor as a position control driver is operable in any circumstance 
of situations.  
 
1.3  Project Objectives 
 
The major objective of this research is to use the incremental fuzzy logic control to 
develop online position control. Its measurable objectives are as follows: 
1. To design the incremental fuzzy control system for position control with DC 
motor as a driver. 
2. To implement an online position control based on incremental fuzzy control 
system. 
3. To test the performance of position control based on incremental fuzzy. 
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1.4  Project Scopes 
 
The scopes of this project are as follows:  
a) MATLAB Simulink software is used to simulate the incremental fuzzy logic 
controller system developed.  
b) The controller type is an Incremental Fuzzy Logic Control system. 
c) DC motor is as a driver of the position control. 
d) The controller develop is an online. 
e) Interfacing between personal computer (pc) where the controller is build and 
DC motor as a plant is done by RAPCON Board. 
f) The type of layout is square wave. 
 
1.5 Report Outline 
 
This project deals with the proposed idea of develop a position control system for DC 
motor by using an Incremental Fuzzy Logic Controller (IFLC). This report is divided 
into five chapters. Chapter 1 is an introduction and gives an overview of the project and 
speaks about the scope and the main objective. Chapter 2 discusses briefly about the DC 
motor theory, PID controller and Incremental Fuzzy Logic Controller. Chapter 3 
explained the method that was used in this project. Among the subtopics described are 
flow chart for develop project, flow chart for the IFLC system, IFLC design, hardware 
and software RAPCON, and concept of the project. Chapter 4 describes the MATLAB 
Simulink model for IFLC system of position control. It also shows the result of 
simulation and real-time experiment. And the last chapter is Chapter 5. This chapter is 
about the conclusion and the future scope of the designed controller. 
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Introduction 
 
This chapter will discuss the previous studies that have been accomplished by other 
researchers in same area. There are many researchers who have been implemented 
fuzzy logic control on the position control with DC motor as a driver. Related to this 
project title, the review focused on the incremental fuzzy control system resources 
like journal, proceeding thesis and also book.  
 
2.2  Previous Works 
 
There are many papers have been published about fuzzy control system design for 
DC motor (Manafeddin Namazov and Onur Basturk, 2010). The comparison 
between Proportional-Integral-Derivative (PID) and Fuzzy Logic Controller (FLC) 
application for position control has been done (Paul et.all.,1994) and the result shows 
the FLC performed better than PID. Other work, based on Neural Network 
controller. The results are obtained from the simulation and real-time experiment. 
From the result, neural network controller has been given the best controller for 
position control with DC motor as driver. The neural network controller satisfies all 
the specifications underlined better than PID controller. The neural network 
controller provides faster response and more precise control compared to PID 
controller (Muhamad Syah Rizal, 2013). 
 Figure 2.1 shows the PD control system designed in MATLAB Simulink where 
controller coefficients are adjusted using the Signal Constraint blocks. Integral 
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coefficient of PID controller is set to zero (i.e K = 0) (Manafeddin Namazov and Onur 
Basturk, 2010).  
 
 
 
Figure 2.1: Crisp PD control system 
 
 FLCs are complex, nonlinear controllers. Therefore it’s difficult to predict how 
the rise time, settling time or steady state error is affected when controller parameters or 
control rules are changed. On the contrary, PID controllers are simple, linear controllers 
which consist of linear combinations of three signals (Manafeddin Namazov and Onur 
Basturk, 2010). 
 
 
 
Figure 2.2: Output and control signals for crisp PD control system 
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Figure 2.2 shows output and control signals of PD control system with 
adjusted parameters. 
 Ankur Gupta et.all. (2011)  has been presented the position control of servo 
motor in three difference schemes. They are PID, Fuzzy and sliding mode Fuzzy 
Control. Each of them is discussed in term of the normal case, parameter variation 
case, and disturbance. The results show that PID is effective for a constant reference 
input but is ineffective for parameter variation and disturbance cases. Then Fuzzy 
controller gives better performance compared to PID controller but results are 
ineffective for disturbance case. While sliding mode fuzzy control shows that the 
system performance improvement when compared to PID and fuzzy control for 
parameter variation case and for disturbance case. So sliding mode fuzzy control is 
better in terms of control performance compared with other controllers. 
  
2.3  DC Motor Theory 
 
In armature control of separately excited DC motors, the voltage applied to the 
armature of the motor is adjusted without changing the voltage applied to the field. 
Figure 2.3 describes a separately excited DC motor equivalent model (Norman S. 
Nise , 1995). 
 
 
 
Figure 2.3: Separately excited DC motors 
 
Where: 
J -  Moment of Inertia of the motor (kg m2) 
B  -  Friction coefficient of the motor (Nm/rad/sec) 
Ke  -  Torque constant of the motor (Nm/A) 
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Kb  ‐  Motor back emf constant (V/rad/sec) 
ia  -  Armature current (A) 
Va  -  Armature voltage applied (V) 
Ra  -  Armature resistance (ohms) 
La  -  Armature inductance (mH) 
 
2.3.1 Mathematical Equation 
 
Voltage equation of the armature circuit under transient is given by 
 
 
 
 
From the dynamics of motor load system 
 
 
 
 
Further 
 
  
 
When field current is kept constant, flux remains constant. Replacing Keф by a 
constant Ke, yields 
 
 
 
  
  
 
 
 
 
 
(2.3) 
(2.4) 
(2.5) 
(2.6) 
(2.1) 
(2.2) 
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2.3.2 Transfer Function 
 
Laplace transforms of Eq. (2.1) to Eq. (2.5) are: 
 
  
  
  
  
 
Substitute Eq. (2.9) into Eq. (2.6): 
 
 
 
  
  
 
Then the relation between rotor shaft speed and applied armature voltage is 
represented by transfer function below: 
 
  
 
The relation between position and speed is: 
 
  
 
Then the transfers function between shaft position and armature voltage without load 
is:  
(2.7) 
(2.8) 
(2.9) 
(2.10) 
(2.11) 
(2.12) 
(2.13) 
(2.14) 
(2.15) 
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2.4  Control Requirement 
 
The controller requirements are analyzed based on its output response parameters. It 
will indicate the performance of the controller. The parameters are given below 
(Norman S. Nise , 1995).  
 
   
 
Figure 2.4: Response specification 
 
(i)   Rise time, Tr 
The time required for the response to progress from 0.1 to 0.9 of the final
 value. 
(ii)  Peak time, Tp 
The time required to reach the first or maximum peak. 
(iii)  Settling time, Ts 
The time required for the response taken to fall within and stay within 2% of 
the steady-state value. 
(2.16) 
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(iv)  Percent overshoot, %OS 
The maximum amount limits for the response to overshoots the steady-state, 
or final value at the peak time. The percentage overshoot is expressed as in 
Equation (2.16) 
100%
max



final
final
c
cc
OS  
 
2.5 PID controller 
 
PID stands for Proportional-Integral-Derivative. This is a type of feedback controller 
whose output, a control variable (CV), is generally based on the error between some 
user-defined set point (SP) and some measured process variable (PV). Each element 
of the PID controller refers to a particular action taken on the error. 
There are many situations that require some type of position control system. 
This section reviews the fundamental of PID controllers and presents detailed 
simulations or design for development of digital servomotor controller. PID 
controllers are commonly used to regulate the time-domain behavior of many 
different types of dynamic plants. These controllers are extremely popular because 
they can usually provide good closed loop response characteristics, can be tuned 
using relatively simple rules and are easy to construct using either analogue or digital 
components. Consider the feedback system shown in Figure 2.5 where assume that 
the plan is a DC motor whose shaft position must be accurately regulated. 
  
 
 
 
 
 
 
 
 Figure 2.5: General feedback control architecture 
 
(2.16) 
+ - 
PID 
controller 
DC motor 
feedback 
R(s) 
Input 
position 
C(s) 
Output 
position 
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The PID controller algorithm involves three separate constant parameters that 
is the proportional (P), the integral (I) and derivative  (D) values. These values can be 
interpreted in terms of time where P depends on the present error, I on the 
accumulation of past errors, and D is a prediction of future errors, based on current 
rate of change. The weighted sum of these three actions is used to adjust the process 
via a control element such as the position of a control valve, a damper, or the power 
supplied to a heating element. 
By tuning the three parameters in the PID controller algorithm, the controller 
can provide control action designed for specific process requirements. The response 
of the controller can be described in terms of the responsiveness of the controller to 
an error, the degree to which the controller overshoots the setpoint, and the degree of 
system oscillation. Note that the use of the PID algorithm for control does not 
guarantee optimal control of the system or system stability. 
Some applications may require using only one or two actions to provide the 
appropriate system control. This is achieved by setting the other parameters to zero. 
A PID controller will be called a PI, PD, P or I controller in the absence of the 
respective control actions. PI controllers are fairly common, since derivative action is 
sensitive to measurement noise, whereas the absence of an integral term may prevent 
the system from reaching its target value due to the control action. 
 
 
 
Figure 2.6: Functional diagram of a PID Control Loop 
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2.6 Incremental Fuzzy Logic 
 
An incremental controller adds a change in control signal u to the current control 
signal,  
 
  
     
 
Using Equation (below) with . The controller output is an increment to the 
current control signal. 
 
  
 
 
Index n refers to the time instant. By tuning we shall mean the activity of adjusting 
the parameters , , and  in order to achieve a good closed-loop performance. 
The Incremental Fuzzy Logic Controller (IFLC) in Figure 2.7 is of almost the 
same configuration as the FPD controller except for the added integrator. The 
conclusion in the rule base is now called change in output (cu), and the gain on the 
output is accordingly GCU. The control signal U(n) at time instant n is the sum of all 
previous increments,  
  
                     
 
 
 
 
 
 
(2.17) 
(2.18) 
(2.19) 
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Figure 2.7: Incremental Fuzzy Controller 
 
Notice again that this definition deviates from the historical fuzzy controllers, where 
the sampling period  was left out. The function f is again the control surface of a 
PD rule base. The mapping is usually nonlinear, but with the usual favorable choice 
of design, Equation (2.20) is a linear approximation. 
 
     
 
Insertion into Equation (2.19) yields the control action,  
 
  
  
  
  
 
By comparing Equation (2.18) and (2.21) it is clear that the linear controller is a crisp 
PI controller ( ), and the gains are related as follows: 
 
   
GE 
GCE 
GU 
 
 
 
f 
 
e 
de/dt 
E 
CE 
cu CU 
U 
Rule Base 
(2.21) 
(2.20) 
(2.22) 
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Note that the proportional gain  now depends on . The gain  is 
determined by the ratio between the two fuzzy input gains, and is the inverse of the 
derivative gain  in FPD control; the gains GE and GCE change roles in FPD and 
IFLC controllers. 
 
(2.23) 
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CHAPTER 3 
METHODOLOGY 
3.1 Introduction 
 
The idea of this project is to develop an Incremental Fuzzy Logic Controller (IFLC) 
by using MATLAB Simulink and implemented in real position control system 
hardware. The main component of the position control in this case is a DC motor.  
Figure 3.1 shows the development process of the overall project activities. 
The development of this project is divided into two parts: Part 1 and Part 2. Part 1 
starts with studying and understanding the DC Motor theoretically especially its 
mathematic modeling. Other than that identify the controller method also can used to 
control the position of DC motor as a driver. 
The platform for real time application applies is a RAPCON platform. The 
RAPCON platform consists of the hardware and software part. They are needed for 
real-time experimental position control develop. This platform is most suitable used 
as interface between DC motor and MATLAB Simulink for implement the real-time 
position control system. 
Part 2 is the process to develop the system. First step is to design the IFLC 
controller to control a DC motor as a position control driver. The fundamental 
process is to design the IFLC in MATLAB Simulink. Once the IFLC has been 
completely design, it will test to ensure that it can fulfil the objective. After that, the 
IFLC will be applied to control the DC motor as a position controller driver in 
simulation and real-time mode. After simulation mode has been successfully, the 
controller develop will embed in RAPCON platform for real-time mode to ensure the 
system is functioning completely. 
16 
 
The result for this simulation and real-time mode controller develop 
experimental test will elaborate and discuss in Chapter 4 (Result and Analysis) 
section. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Flow chart for develop project 
START 
END 
Problem 
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Literature 
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Study DC 
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Performance 
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Achieve 
Performance 
Yes 
No 
Testing Incremental 
Fuzzy Controller 
(Real-Time) 
Achieve 
Performance 
Yes 
No 
PART 1 
PART 2 
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3.2  Concept of the Project 
 
The concept to develop this project is as shown in Figure 3.2. The idea is to build a 
closed loop position control system of DC motor with encoder using Incremental 
Fuzzy Controller system. Before completing the process, the IFLC must be designed 
first. The membership function of IFLC was designed using Mamdani method. From 
the membership function, the IFLC rules are decided. This IFLC have two inputs that 
which position error (GE) and change of position error (GCE). The output of the 
IFLC is desired position. 
Block diagram in Figure 3.2 shows that the project was started with reference 
input enter into IFLC system that was treated using MATLAB Simulink. The treated 
IFLC will send the signal to DC motor to move to the desire the position. Then the 
actual position will be measured by the encoder as feedback signal to compare with 
reference input to generate the appropriate error signal as the input of IFLC 
controller to achieve the desired position. This process will be repeated for different 
angle to get desired position. 
 
 
 
 
 
 
 
 
 
Figure 3.2: Block diagram of position control using IFLC system 
 
3.3 Fuzzy Logic Controller Design 
 
IFLC controller system is used to implement the position control with DC motor as a 
driver.  The implementation of fuzzy logic controller requires the four key factors 
((Mamdani, 1977) in Manafeddin, 2010). Figure 3.3 shows the block diagram of 
fuzzy controller system. 
Reference 
input, Ɵ 
 
 
DC Motor Ɵ 
Incremental 
Fuzzy Logic 
Controller 
_ + 
 
Sensor 
(encoder) 
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Figure 3.3: Block diagram of fuzzy controller system 
 
 The block diagram of fuzzy logic controller system that shows in Figure 3.3 
has four main parts. They are Fuzzification, Fuzzy inference, Defuzzification and 
Fuzzy rule base. The fuzzy logic controller for position control that developed in this 
project is designed with the following steps: 
1. Design the membership function for fuzzy input and output variables. 
2. Implement the fuzzy inference by a series of IF-THEN rules. 
3. Inference engine derives a conclusion from the facts and rules contained in 
the knowledge base using various human expert techniques. 
4. Process to map a fuzzy set into a crisp set. The defuzzification method use is 
the center of gravity (COG). 
 
The fuzzy controller is implemented using MATLAB Fuzzy Logic Toolbox 
as shown in Figure 3.4. The fuzzy inference system (FIS) is used to edit and visualize 
used rules and membership functions. The resulting FIS model is then tested using 
the Simulink Toolbox, which also gives the convenience of building and analyzing 
dynamical systems graphically.  
 
Fuzzification 
 
Fuzzy 
Inference 
 
Defuzzification 
Fuzzy Rule 
Base 
Input Output 
Fuzzy Controller System 
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Figure 3.4: Fuzzy Inference System (FIS) 
 
3.3.1  Mamdani Fuzzy Logic Control 
 
In this project the Mamdani method as fuzzy inference technique is applied. 
Mamdani FIS has been chosen because its uses a technique of defuzzification of a 
fuzzy output. The IFLC is assumed has two inputs and one output. Input variables 
are error and change error, and the output variable is the DC motor input voltage. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5: The Input and Output of variable 
Fuzzy 
Logic Rule 
(Mamdani) 
Input 
Variables 
Output 
Variables 
Error 
Change Error 
Angle 
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3.3.2 Fuzzy Rule Base System 
 
The rule function of the Incremental Fuzzy Logic Controller was shown in Table 3.1. 
There are three fuzzy set for both input variables: Negative (N), Zero (Z) and 
Positive (P). For the output variable: Negative (N), Small Negative (Ns), Zero (Z), 
Small Positive (Ps) and Positive (P). 
 
Table 3.1: Rule Base for fuzzy controller 
 
θ 
Error (e) 
N Z P 
C
h
an
g
e 
er
ro
r 
(c
e)
 N N Ns Z 
Z Ns Z Ps 
P Z Ps P 
 
The fuzzy logic rule-based are: 
1. IF error is N and change error is N THEN output is N 
2. IF error is N and change error is Z THEN output is Ns 
3. IF error is N and change error is P THEN output is Z 
4. IF error is Z and change error is N THEN output is Ns 
5. IF error is Z and change error is Z THEN output is Z 
6. IF error is Z and change error is P THEN output is Ps 
7. IF error is P and change error is N THEN output is Z 
8. IF error is P and change error is Z THEN output is Ps 
9. IF error is P and change error is P THEN output is P 
 
3.4 RAPCON Board 
 
The RAPCON Board/platform is a hardware that has 8 x 12 bit analog input, 2 x 16 
bit capture input, 2 x 16 bit encoder input, 1 x 8 bit digital input, 2 x 12 bit analog 
output, 2 x 16 bit frequency output, 2 x 16 bit pulse output and 1 x 8 bit digital output 
(Zelton LLC, 2013). The board also contains two H-bridges with 5 A capabilities to 
drive external heavy loads. Some input and output are multiplexed to simplify the 
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hardware. The board is interfaced to the host computer that runs MATLAB through a 
serial port. 
 
3.4.1 Specifications 
 
Table 3.2 shows the specification of the RAPCON platform. 
 
Table 3.2: Specification of the RAPCON platform 
 
Parts Specifications 
Power Supply 
6 – 15V, minimum 0.15A, regulated, (VPS is 
+ and GND is – ) 
Interface 460800 baud, 8 bit data, no parity, 1 stop bit 
Analog inputs A0 – A7, 0 – 5V analog, 12 bit resolution 
Capture inputs C0 – C1, 0 – 5V digital, 16 bit resolution  
Digital inputs D0_d0 – D0_d7, 0 – 5V digital, 8 lines 
Pulse inputs K0 – K1, 0 − 5 V digital, 16 bit resolution 
General pulse inputs M0 – M1, 0 − 5 V digital, 16 bit resolution 
Encoder inputs 
E0 A, E0 B, E0 X – E1 A,E1 B, E1 X, 0 – 5V 
digital, 16 bit resolution 
Sensor inputs I0 – I1, 0 – 5 V digital, 16 bit resolution 
File inputs U0 − U7, internal, 16/64 bit resolution 
Frequency output F0 – F1, 0 – 5V digital, 16 bit resolution 
Analog outputs B0 – B1, 0 – 5V analog, 12 bit resolution 
Digital outputs G0_g0 – G0_g7,  0 – 5V digital, 8 lines 
Pulse outputs H0 – H1, 0 – 5V digital, 16 bit resolution 
General pulse 
outputs 
N0 – N1, 0 – 5 V digital, 16 bit resolution 
Stepper outputs S0 A – S0 B, 0 – 5V, 16 bit resolution 
Servo outputs J0 – J1, 0 – 5 V digital, 16 bit resolution 
Filtered Pulse 
outputs 
L0 – L1, 0 – 5V analog 
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File outputs V0 − V7, internal, 16/64 bit resolution 
H-bridge power 
outputs 
P0 A, P0 B  – P1 A, P1 B, 0 – (supply 
voltage)V digital,5A 
Ground: GND, 0V 
Sampling rate Up to 15.2kHz 
Voltage regulator 
output 
VDD, 5 V, 0.25 A, regulated power supply 
Size 10.16 cm × 7.62 cm 
Weight 43.9 g 
 
3.4.2 Hardware 
 
The real-time control board is based on a PIC30F2012 digital signal controller. The 
board is interfaced to the main computer that runs MATLAB through a serial port. 
The functional block diagram of the board is shown in the Figure 3.4.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6: The functional block diagram of the RAPCON board 
 
 Table 3.3 shows the summary part of the functional block that shown in 
Figure 3.6. 
 
 
ADC 
ICM 
DIP 
QEM 
UART 
DAC 
OCM 
DOP 
PWM 
FL 
FL 
HB 
HB 
 
 
µC 
A0 
A7 
C0 
C1 
D0_d0 
D1_d7 
E0 
E1 
B0 
B1 
F0 
F1 
H0 
H1 
G0_g0 
G0_g7 
PC 
L0 
L1 
P0 
P1 
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Table 3.3: Summary part of the RAPCON board functional block diagram. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The layout of the RAPCON board is shown in Figure 3.7. The inputs and 
outputs are connected to the board through standard pin header type connectors. The 
pins of all connectors are clearly indicated on the board for convenience. Access to 
the on-board 5V, 0.25A voltage regulator output is also provided for external light 
power supply requirements. 
 
 
Part/Term Function 
A0 – A7 Analog inputs 
B0 – B1 Analog outputs 
C0 – C1 Capture inputs 
D0_d0 – D0_d7 Digital inputs 
E0 – E1 Encoder inputs 
F0 – F1 Frequency outputs 
G0_g0 – G0_g7 Digital outputs 
H0 – H1 Pulse outputs 
ADC Analog-to-digital converter 
DAC Digital-to-analog converter 
ICM Input capture module 
OCM Output capture module 
DIP Digital input port 
DOP Digital output port 
QEM Quadrature-encoder module 
PWM Pulse-width modulator 
FL Lowpass filters with outputs L0 – L1 
HB H-bridges with outputs P0 – P1 
µC Central microcontroller 
UART Universal-asynchronous-receiver-transmitter unit 
PC The host computer 
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Figure 3.7: RAPCON Board (hardware) 
 
3.4.3 Software 
 
The software of the RAPCON Board/platform has fully integrated into MATLAB 
Simulink/Real-Time Windows Target and comes with Simulink library blocks 
associated with each hardware input and output [Zeltom LLC, 2013]. The library 
contains Analog Input Block, Capture Input Block, Encoder Input Block, Digital 
Input Block, Analog Output Block, Frequency Output Block, Digital Output Block 
and Pulse Output Block is shown in Figure 3.8. The platform achieves real-time 
operation with sampling rates up to 15.2 kHz. 
 
 
 
Figure 3.8: RAPCON Software 
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